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Introduction
Geodiversity, respectively its valuable partgeoheritage is undoubtedly the main resource for the geotourism and geoeducational activities (Dowling, Newsome 2010 , Dowling 2011 . Geodiversity is defined as "the natural range (diversity) of geological (rocks, minerals, fossils), geomorphological (landforms, topography, physical processes), soil and hydrological features. It includes their assemblages, structures, systems and contribution to landscapes" (Gray 2013: 12) .
This definition presents the geodiversity as value-free quality of the natural environment; those elements of natural geodiversity that are of significant value to humans for non-depleting purposes, which do not decrease their intrinsic or ecological values are called geoheritage (Sharples 2002) . The concept of geoheritage is based on the definition of natural heritage, which was presented already in 1972 (UNESCO 1972) . The term geoheritage was defined as those components of natural geodiversity of significant value to humans, including scientific research, education, aesthetics and inspiration, cultural development, and a sense of place experienced by communities (Dixon 1996 in Dingwall 2005 . A similar definition was presented by Eberhard (1997) ; he emphasised that geoheritage belongs to the "things we would wish to retain for present and future generations".
In the above mentioned definitions of geoheritage appears the word "natural" (natural geodiversity or primary geodiversity, that means the features formed without the human impact or activity). obviously, the natural features represent the greatest part of geoheritage (both on global and local scale), but the secondary (or manmade) geodiversity should not be omitted as it also represents a significant resource for tourist and recreation activities .
Secondary or man-made geodiversity can be defined (analogically to the Gray's definition of geodiversity) as "the range/diversity of the manmade/anthropogenic landforms, including their assemblages, relationships, structures and systems". As well as natural (or primary) geodiversity, the secondary geodiversity has the potential for geotourism and geoeducational activities both outside and within urban areas. There is a lot of examples, where the secondary geodiversity increases overall geodiversity of certain areas (e.g. limestone quarries in the Bohemian Karst). The secondary geodiversity also allows us to know the information which would normally remain hidden and so it helps to understand the evolution of landscape and earth history, e.g. Klonk near Suchomasty, where the boundary between the Silurian and Devonian period was uncovered thanks to the quarrying and then it was ratified as a Global Boundary Stratotype Section and Point in 1972 (Chlupáč et al. 1972) .
In the Czech Republic, the term "secondary geodiversity" was introduced by Cílek (2002) who encompassed its role in the diversity of the landscape in wider meaning. So, specific anthropogenic landforms (which represent particular features and examples of geoheritage) form the full-value and indisputable part of the geoheritage both on global and local level.
If the statements mentioned above are accepted and taken into account, a slightly modified definition of the geoheritage can be presented: components or features of primary (natural) and secondary (man-made or anthropogenic) geodiversity, which are of significant value to humans, including scientific research, education, aesthetics and inspiration, cultural development, and a sense of place experienced by communities.
Secondary geodiversity represented by anthropogenic landforms
Those components of secondary geodiversity, which form the part of geoheritage, are generally represented by anthropogenic landforms (or manmade landforms). They can be sorted by using various criteria, but for the purposes of this paper, the genetic classification is probably the most suitable. The following classification is based on Kirchner, Smolová (2010) and Szabó et al. (2010) : 1) mining landforms (quarries, pits, collapse sinks, subsident depressions, dumps, heaps, shafts, adits etc.), 2) industrial landforms (industrial fields, heaps, underground factories etc.), 3) agricultural landforms (agricultural terraces, piles, ramparts etc.), 4) urban landforms (terraces, ramparts, waste dumps, urban underground, emergency shelters etc.), 5) communication landforms (road or railway cuttings, transport platforms etc.), 6) water system landforms with a subset of littoral landforms (water reservoirs, dams, polders, water canals, mill races, weirs, wells etc.), 7) military landforms (craters, ramparts, fortification systems, underground bunkers etc.), 8) funeral landforms (funeral hills, burial mounds, crypts, tombs, ossuaries etc.), 9) celebration landforms (menhirs, dolmens, cromlechs etc.), 10) other landforms (recreational landforms, archaeological excavations, research landforms etc.). Probably the most attractive landforms from the geotouristic and geoeducational point of view are the mining landforms (quarries, pits), urban landforms (underground, artificial caves) or communication landforms (road or railway cuttings). However, the analysis of the attractiveness of the specific types of anthropogenic landforms and the validation of the attractiveness of the above mentioned would require detailed research, which should include more anthropogenic features within larger areas and which should use the statistic methods and particular assessment of the geoeducational and geotouristic potential.
The secondary geodiversity is also represented by anthropogenic processes and influences on the relief, especially removing large volumes of material and the processes which would not normally exist on certain place: formation of debris cones in quarries, littoral processes on the shores of the artificial lakes etc. The observation and the explanation of these processes can also have interesting geoeducational and geotouristic potential as they help understanding the creation of anthropogenic landforms.
Study area
The Brno city is the second largest city in the Czech Republic (population: approximately 380,000 inhabitants) and it is situated in the South Moravian Region (southeastern part of the country) (Fig. 1) . It lies on the contact of the Bohemian Massif and Carpathian Foredeep, which makes the geology and geomorphology arrangement of the area quite complicated and varied. The following description of the geological and geomorphological settings is based on novák et al.
(1991), Müller, Novák (2000) , geological maps and information available on the web page of the Czech Geological Survey (2017a, 2017b) and Demek, Mackovčin (2014) .
The Brno Massif (part of Brunovistulicum) and its Paleozoic cover (Moravian-Silesian area) forming the basement, is covered by the neogene sediments of the Carpathian Foredeep. Brno Massif is the Cadomian magmatic body (570-600 Ma old) composed of the eastern and Western Granodiorite Area, which are separated by the Metabazite Zone composed of slightly metamorphosed basalts with geochemistry similar to basalts of mid-ocean ridges. This is the oldest proved part of the Brno Massif (~725 Ma old).
The Paleozoic cover is represented by Devonian basal clastic sediments, which crop out in a tectonic slice of the Babí lom zone (e.g. Červený kopec, Žlutý kopec), and Devonian limestones, which can be found especially on the northeastern part of the city (e.g. Hády).
In a few isolated cases in the southeastern part of the study area, the jurassic limestones occur (e.g. Stránská skála).
The neogene sediments of the Carpathian Foredeep cover the Brno Massif preferentially along the tectonically predisposed valleys. The ottnangian gravels prevail in the north part of the city (e.g. Jinačovice trough). The Řečkovice-Kuřim trough (northern part of the study area) is filled by the thick Badenian calcareous clays with sands and gravels at the base, which can be found also in the southern part of the study area under the Quaternary loess and fluvial deposits.
There is currently no active mine or quarry, but the exploitation of construction material (building stone, loess) can be traced back to the 14 th century and it has markedly influenced the landscape. The most important limestone quarries are situated on the northeast of the city (Hády, Lesní lom), diorite was extracted e.g. in the northwestern part of the study area, and the loess and sands were exploited in the southern part of the city.
The study area belongs to two different geomorphological provinces: Czech Highlands (northern and central part of the study area) and Western Carpathians (southern part). In the northern and central part, the relief is tectonically influenced (occurrence of horsts and grabens and tectonically conditioned valleys of Svratka and Svitava) and more pronounced (significant elevations -Petrov, Špilberk, Kraví hora etc.), the southern part is rather flat and it was formed especially during the neogene and Quaternary. The relief of the study area is strongly influenced by the anthropogenic activity. 
Selected sites
In this section, some selected geosites and geomorphosites of anthropogenic origin potentially interesting for geotourism and geoeducational activities within Brno city are briefly described (Fig. 2) . The list is not exhaustive, and the main criterion for the selection was to identify the sites which would represent the highest number of genetic groups of anthropogenic landforms mentioned above. The information is based on fieldwork, Database of the geological localities (Czech Geological Survey 2017b), and other resources (cited below).
-Hády
Hády quarry includes three different sites: Hády plain, the upper bench of the limestone quarry and the lower part of the quarry (Růženin lom).
Hády plain has monotone substrate (vilémovice limestone of Devonian age) rugged by small quarries which can be confused with natural landforms (especially sinkholes). These depressions have been there already since the Middle Ages. They have an important role for the local ecosystems (especially thermophilic vegetation) and they increase the overall biodiversity of the area.
The upper bench of the Hády quarry is important from the stratigraphic and palaeontological point of view. The transgression of the jura limestones (palaeontologically rich: ammonites, belemnites, crinoids, brachiopods, sporadically teeth of sharks) on the folded Devonian limestones is well visible here (Fig. 3a) .
In the lower part of the Hády quarry (Růženin lom), the tectonic thrust of the older rocks of Brno Massif on the younger Upper-Devonian and Lower-Carbon limestones of the Líšeň formation can be observed. Also the alternation of limestone, clay limestone and calcic claystone is visible together with other facies that reflect the turbulent sedimentation.
Concerning the anthropogenically conditioned processes, it is possible to observe the formation of debris cones (both in the lower and upper part of the quarry), which has a remarkable geoeducational potential.
The bottom of the quarry is flooded by a lake (Fig. 3b) which is important from the ecological point of view; halophyts and steppe species can be found here.
The site is well accessible, there are several marked paths in the area and an educational trail about the natural features. The site is also widely used as an excursion locality for university students. This complex of anthropogenic landforms is a good example how the overall geodiversity and biodiversity can be increased by the human action and how the anthropogenic landforms can serve the educational and recreational purposes.
Close to this geosite, a new recreational zone is proposed -it should have the character of a park (according to the land-use plan of the Brno city) with possibility of sport activities. At present, the competition of proposals (architectonical-landscape plans) is running. The question is if the park will raise the attractiveness of the geosite.
-Červený kopec
There are two geologically and geomorphologically different localities within Červený kopec. The first one is the system of old small quarries where the Lower-Devonian conglomerate was extracted. The conglomerate has a typical red-violet colour which gave the name to the site (Červený kopec means Red hill) and it presents an illustrative example of the basal clastic sediments and of the sedimentation environment, so it has a high educational value from the lithological and palaeogeographical point of view. The stone was extracted since the Middle Ages and it was widely used as dimension stone; it can be found in the various walls and buildings within Brno (Fig. 4) . The second site is a former loess pit (former Kohn's brick-kiln) where the loess profile with fossil soils is preserved. The site is stratigraphically important and unique in europe, because it shows the whole Quaternary evolution (approximately 2 Ma). Thanks to the presence of this complex profile, the site has an immense educational and scientific value (being the topic of a considerable number of scientific papers, e.g. Kukla 1975 , Musil 1982 , Smolíková 1990 , Zeman 1992 , Demek et al. 2005 . Both sites are well accessible and visible, although the second one partly suffers from vegetation growth.
-Pískovna Černovice
The active sand pit of Černovice is important especially from the stratigraphical and palaeontological point of view. During the extraction of the material, the sediments of Tuřany terrace were displayed. They lies 40 m above the present-day level of the Svitava river and they are formed by sand and gravel with pebbles of various provenance. Below this terrace, embedded Brno sands are present. These sands were formed during the LowerBadenian marine transgression and they include concretions of calcareous sandstones or sandy limestones that form the benches, probably the residues of beach sediments. They are also palaeontologically rich (especially shallow water taxons, e.g. Ammonia beccarii). The sediments of the Černovice sand pit represent the deposits of the outer Carpathian Foredeep. The site has a big educational potential, but it is accessible only with permission after previous consultation of the owner (the land is private and sand extraction is still in progress). Usually, the access for organised groups (e.g. university students) is possible.
-Abrasion cliffs on Brno dam
Brno dam was constructed in the 1930's and it considerably changed the relief of the area. The most remarkable form is the body of the dam itself (23.5 m high, 120 m long, 7 m wide), but there are other relevant anthropogenic features. Probably the most interesting and attractive elements are the abrasion cliffs formed thanks to the activity of the waves on the shores caused especially by winds and also by shipping (šlezingr 1998 (šlezingr , 1999 (šlezingr in Peterková 2011 . They are developed on the locality of osada in Quaternary loess sediments and they reach the height of 4 m (Fig. 5) . These landforms are a good example of dynamic geomorphological processes on coastal environments. The cliffs have also an ecological value as they serve as a nest place for various bird species (sand martin, king fisher). The site itself is well known, visible and accessible, the landform is quite illustrative and the ecological feature is also attractive, but the geotourist and educational potential of this site is not fully recognised and used. 
-Jedovnická Street cutting (Líšeň) and Vejrostova Street cutting (Bystrc)
On Jedovnická Street several rock profiles of Brno Massif's granodiorites (type Královo Pole) are example of road cuttings. The rock profiles are mostly heavily weathered, pinkish to reddish, with brown discolouring due to weathering, medium to coarse-grained biotitic granodiorites. Spectacular ones are up to 2 cm long, bronze-brown, columnar (pseudohexagonal) biotites. Within the slope debris of this road cutting, the biotite can be very easily found and collected, which has a significant educational potential (Fig. 6) .
on the right side of the Bystrc housing estate, on Vejrostova Street, there are visible road cuttings in rocks of Brno Massif's mantle. Differently tectonically affected gneiss, accompanied by younger granodiorites of Brno Massif (type Tetčice) and even younger veins of aplite can be observed here. The profile clearly shows the position of Brno Massif's rocks in the regional context and can serve as field geology textbook.
Both road cuttings are a good example of communication landforms. Generally, the road cuttings have a big educational potential and there is a lot of similar landforms within Brno, however, some of them exist only temporarily and there is often no time to do a description or documentation.
-Anthropogenic underground of Brno (Labyrinth, Ossuary, Bunker Z-10)
The underground spaces underneath Zelný trh (market) have been created since the Middle Ages. The complex of cellars served for food storing, ageing of wine and beer, as war shelters and mainly as a background for the marketers (the markets on the Zelný trh have been held for more than 700 years). In 2009, the cellars and other underground caverns were reconstructed and nowadays they are one of the tourist attractions of the Brno city. From the geoeducational point of view, the Labyrinth underneath Zelný trh is a good example of urban underground with high historical, cultural and archaeological value. The accessibility is good and the site itself is safe (Svoboda 2008) .
Another example of anthropogenic underground (or more accurately funeral underground landform) is the ossuary under the St. James' Church (Fig. 7) . The number of buried in the St. James' Ossuary is estimated at 50,000 people, which makes this ossuary the second largest in europe (after the Parisian catacombs). The anthropological analysis shows that there are buried the victims of the medieval plague and cholera epidemics, and the victims from the Thirty-year war and the Swedish siege of Brno. The underground was opened for public in 2012 and together with Zelný trh underground it is an important tourist site in Brno. From the educational point of view, it represents the significant funeral underground landform with a high anthropological, cultural, historical, archaeological and religious value (Svoboda 2008) .
Another interesting underground space is the shelter (or bunker) Z-10. It represents one of the military underground landform within Brno city (there are more shelters, but not all of them are accessible for public). The artificial caverns were excavated in the metarhyolites and metatufs (www. geology.cz/extranet/mapy, accessed 29.06.2017), which belongs to the oldest rocks within the study area. The purpose of this shelter was to protect prominent people of Brno and South Moravian Region during the Cold War in the case of atomic attack. originally it served as a war shelter already during World War II. In the 1946-1948 period it was used as a stock for the winery wholesale store Löwy and šmíd, but after nationalization it was transformed to the shelter with a capacity of 500 people during 3 days. Today, there is a citizens' initiative "American fund" whose aim is to use the originally military landform for cultural purposes. Together with the Tourist Information Centre of Brno it organizes excursions, which are focused mainly on the historical aspects of the site. Unfortunately (as in the case of Brno underground -Ossuary and cellars under Zelný trh), the geological and geomorphological aspects are omitted or only slightly mentioned (Tourist information centre of Brno 2017).
-Stránská skála
Stránská skála is a site of geological, palaeontological, archaeological and historical importance. It is a denudation relict of jurassic limestones with rich palaeontological findings (e.g. crinoids). The limestone was extracted and used as a decoration stone (e.g. fountain in špilberk castle in the centre of Brno) and later, before WWII, the site was selected as suitable for the construction of underground shelters and factories.
These underground spaces represent industrial and military landforms within Brno district. For several years, the landforms served as a shelter for homeless people. Today they are closed, but they still attract people. The site is also interesting from the botanical point of view (Pulsatilla) and it is abundantly visited during the spring. Archaeologically it is an important Palaeolithic locality that shows evidence of settlement already 600,000 year BP (Homo erectus). It is one of the most important locality from this point of view. Later, the evidence of human presence is proved in the period 30,000 -40,000 year BP.
The site is also important from the palaeogeographical point of view: the Svitava river flew nearby (today, the position of the stream channel is different) and created numerous branches here, so the landscape had a different pattern compared to today.
The limestone quarry is used as an excursion locality and generally it is a favourite place for visits and walks, the accessibility by public transport is good. The marked tourist paths are present as well as tourist shelters, the site has thus a big potential for geoeducation and geotourism too.
-Bosonožský hájek
Bosonožský hájek is located westward of Brno in the eastern slopes of the Bobravská vrchovina Highland (1.1 km southeast from city district Brno Žebětín). It is a unique example of intensive gullying of Pleistocene loess deposits; locally the incision reached even the underlying granitoid bedrock. Three types of gully networks can be recognised according to their extension and morphology. The approximate length of whole network is about 18,354 m and the density is about 39.25 km•km -2 (Kirchner et al. 2011) . The formation and development of a gully network is conditioned by natural factors and human activities, e.g. intensive water erosion during flash floods or track construction (Kirchner et al. 2011) . In the southern part of the study area, there are remnants of historical agricultural terraces (terraces were used probably as vineyards) dissected by erosion. In the eastern part of this site, historical paths pass through the study area (this fact is documented by historical maps from the 2 nd Military Survey of 1836-1852). These paths were eroded and deep gullies were formed and they are still well visible. This territory is a subject of interdisciplinary research with respect to dating of the main phases of natural and human-induced gully incision.
Analysis of the geotourism and geoeducational potential
Based on the terrain research, freely accessible maps (národní geoportál InSPIRe, https:// geoportal.gov.cz/web/guest/home, accessed 29.06.2017) and other resources (cited above), a SWoT analysis of the geotourism and geoeducational potential of the sites was done (Table 1) . SWoT analysis is a simple assessment tool, which presents Strengths, Weaknesses, opportunities and Threats. It helps with strategic planning and decision-making and it is widely used both for planning in companies and planning the community or regional development.
Based on the SWoT analysis it can be said that anthropogenic landforms within Brno possess a potential for geotourism and geoeducational activities, but in some cases the potential is not recognised. The next step of the research is the detailed analysis and evaluation of the geotourism and geoeducational purposes of particular sites based on methods used within the concept of geo morphosites (e.g., Coratza, Giusti 2005 , Pralong 2005 , Reynard et al. 2007 , Pereira, Pereira 2010 , Kubalíková 2013 , Bajer et al. 2015 ) and eventually, analysis of the demand of potential visitors. Then, the specific proposals for the geoeducational and geotouristic use will be presented.
Conclusions
Although some anthropogenic landforms represent big intervention to the natural ambient, some of them can increase the diversity of natural environment and they can create good basis for diversification of the ecosystems. Also, some of anthropogenic landforms are very important from the historical and archaeological point of view, so the overall value of these geosites and geomorphosites is composed of the scientific and cultural value. Moreover, some landforms uncover the features, which would normally remain hidden; in this sense they increase the geodiversity of the area. As they show various geological outcrops or geomorphological processes, they can serve as a terrain handbook for Table 1 . SWOT analysis of the geotourist and geoeducational potential of the anthropogenic landforms within Brno city.
Strengths Weaknesses
-big diversity (although there are no menhirs or cromlech (celebration landforms in general), but the rest of the genetic groups is represented) -high number of sites -representativeness and easy recognizability of the landforms and processes (pedagogical and educational potential) -accessibility (on foot, by public transport) -existence of tourist paths -some sites and areas are private, accessibility is restricted or possible only with a permission -the geo-feature is oppressed (esp. Brno underground) and consequently, the interpretation and promotion of the geo-features of some sites is not good -inadequate use of some sites (waste, vandalism, high exposure to the visitors) opportunities Threats -higher promotion of the geo-features can increase the attractiveness of the sites -the added values of the sites can attract visitors to the geo-features -geoeducation, sustainable geotourism and recreation as an alternative for "classical" trips to the Brno surroundings (e.g. Moravian Karst which is overloaded by visitors) -recognizing the importance of geo-features -not politically attractive theme -ongoing and continuing inadequate use of some sites -high exposition to the visitors, damage of the sites -no conception of the geoeducation and geotourism on the urban level (or regional level) -the fight between the geoscientists and biologists earth sciences and they can be used for geoeducational purposes. Anthropogenic landforms are often visually attractive; so they have big potential for recreational and tourist activities. In many cases, anthropogenic landforms also document prehistoric and historical development of relief and landscapes and therefore they are a part of the geomorphological attempt to geodiversity (Thomas 2012) .
Thus, secondary geodiversity with its particular features -anthropogenic landformsundoubtedly represents a significant part of the Brno city's geoheritage and it can be viewed as a considerable resource for geotourism and geoeducational activities. In some cases, its potential is already recognised and rationally used, but other important sites are neglected, poorly promoted and the care about them is not sufficient. However, there are some important projects on geodiversity, geotourism and geoeducation within Brno and South Moravian Region: -Geological walks (Bajer 2012) , -Geology of the Brno and its surroundings (Müller, Novák 2000) , -Database of the geological localities (Czech Geological Survey 2017b), -Significant geological sites of Moravia and Silesia (Vávra, Štelcl 2014) , -Some non-profit organisations hold programs for children, guided excursions, talks and presentations. These projects are a good starting point for similar activities and more detailed analysis of the potential of secondary geodiversity in the study area.
Conceptually, there is no document about geoeducation and geotourism for Brno and its surroundings or for the South Moravian Region; in the Conception of the environmental education for the South Moravian Region (Jihomoravský kraj 2010), unfortunately, there is nothing about geodiversity. At the State level, general documents on geodiversity, geoeducation and geotourism are missing too.
Above-mentioned facts should be respected and included into the landscape management, regional planning and development strategies. The cooperation of the specialists of the different branches is also desirable (scientists, teachers in the primary, secondary and high schools, local authorities, owners of the landforms), otherwise the geoeducational and geotouristic potential of these significant sites will not be fully and rationally exploited.
